Introduction
The first 5 years following a first psychotic episode are widely recognized as the critical period for optimal longterm outcomes (Birchwood et al., 1998; Crumlish et al., 2009) . It has been proposed that longer durations of untreated psychosis are associated with reductions in the volume of gray matter within defined regions of the brain Guo et al., 2013) , leading to speculation that untreated psychosis may have a neurotoxic effect (Haijma et al., 2013) . Without intervention, gray matter loss may continue throughout the course of illness (Guo et al., 2013) and such structural abnormalities have been associated with poor treatment response and unfavorable long-term outcomes (Crumlish et al., 2009; Owens et al., 2010; Penttilä et al., 2014) , suggesting that early intervention is important for improving prognosis.
In addition to possible brain deterioration, the sequelae of unresolved psychosis include impaired functioning and poorer health-related quality of life in the long term (Kanahara et al., 2013; Cechnicki et al., 2014) , and also predict short-term and long-term treatment success (Norman and Malla, 2001; Marshall et al., 2005; Carbon and Correll, 2014) . Furthermore, decreased social function is a core attribute of schizophrenia and is present even at the onset of the illness (Grant et al., 2001) .
Effective treatment of early episodes of schizophrenia may limit loss of social function, enabling patients to maintain social support networks with family and friends, thereby improving long-term outcomes (Norman et al., 2007 (Norman et al., , 2011 . In addition, although high numbers of patients respond to treatment at first episode (>80%) (Malla et al., 2006) , relapse rates are also high during the first few years following the first episode, reinforcing the need to maintain treatment and monitor medication adherence (Novick et al., 2010; Owens et al., 2010; Alvarez-Jimenez et al., 2012; Hui et al., 2013) .
Atypical antipsychotics generally have a mode of action based on antagonism of dopamine D 2 receptors and serotonin 5-HT 2A receptors. These medications have shown efficacy in improving positive and, to a lesser extent, negative symptoms, with a reduced propensity for developing extrapyramidal symptoms (EPS) compared with typical antipsychotic agents, which generally show limited activity at 5-HT 2A receptors (Reynolds and Kirk, 2010) . However, despite improvements over firstgeneration treatments, some atypical antipsychotics are still associated with the development of EPS (Leucht et al., 2013) , including akathisia (Kahn et al., 2008; Kane et al., 2009) , and a range of other adverse events (AEs), such as metabolic abnormalities (De Hert et al., 2011) , sedation, hyperprolactinemia, and QTc prolongation (Leucht et al., 2013) . Consequently, there is a need for an antipsychotic treatment of schizophrenia that optimizes symptom control in patients during the early episodes of schizophrenia, without trade-offs in tolerability that can affect the patient's ability to remain on treatment.
Brexpiprazole, which was approved by the FDA in July 2015 for the treatment of schizophrenia and as an adjunctive therapy to antidepressants for the treatment of major depressive disorder, has a unique pharmacological profile, acting as a serotonin-dopamine activity modulator that is a partial agonist with similar potency at serotonin 5-HT 1A and dopamine D 2 receptors, and a potent antagonist at serotonin 5-HT 2A and noradrenaline α 1B/2C receptors (Maeda et al., 2014) . Brexpiprazole has a lower intrinsic activity at D 2 receptors than the D 2 partial agonist, aripiprazole, which may reduce the potential of brexpiprazole to induce AEs mediated by activity at this receptor, such as akathisia, agitation, insomnia, restlessness, and nausea (Fleischhacker, 2005; Maeda et al., 2014) . Brexpiprazole also has a moderate affinity for histamine H 1 receptors relative to its D 2 receptor affinity (Maeda et al., 2014) , which could potentially result in low levels of sedation. In two fixed-dose phase 3 studies, brexpiprazole treatment was efficacious in adult patients experiencing an acute exacerbation of schizophrenia, showed good tolerability, and was associated with a low incidence of sedation, EPS-related, and metabolic AEs (Correll et al., 2015; Kane et al., 2015) .
The aim of this exploratory, open-label study was to investigate the effects of flexibly dosed brexpiprazole (1, 2, 3, or 4 mg/day; monotherapy target dose 3 mg/day) on efficacy, social functioning, and tolerability during treatment of early episodes of schizophrenia.
Methods

Patients
Adult outpatients (18-35 years old) were recruited from 20 sites in the USA, with an axis-1 diagnosis of schizophrenia [Diagnostic and Statistical Manual of Mental Disorders, 4th ed., text revision (DSM-IV-TR)] of at least 6 months' duration before screening. Diagnosis was confirmed by the Mini International Neuropsychiatric Interview for Schizophrenia and Psychotic Disorders (Sheehan et al., 2010) and a clinical psychiatric evaluation. Patients could be currently receiving antipsychotic medication and were eligible if their first schizophrenia episode occurred 5 years or less before the time of consent. In addition, eligible patients had a Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1999) total score of up to 80 at screening and baseline, and showed impaired social interaction with a score of at least 4 on at least one PANSS modified prosocial line item, including active social avoidance; emotional withdrawal; passive/apathetic social withdrawal; and difficulty in abstract thinking (Purnine et al., 2000; Docherty et al., 2010) . Additional inclusion criteria were as follows: history of relapse and/or symptom exacerbation in the absence of antipsychotic treatment; good response in the last 12 months to outpatient antipsychotic treatment of at least 6 weeks' duration; and potential to benefit from outpatient brexpiprazole treatment according to the investigator's judgment.
Patients were excluded if they had received recent (≤ 60 days of screening) electroconvulsive therapy or transcranial magnetic stimulation, were hospitalized for psychotic symptoms in the last 6 months, had experienced acute depressive symptoms requiring treatment for up to 30 days before screening or had any other psychiatric diagnosis, had tardive dyskinesia or severe akathisia at enrollment, were receiving predefined concomitant medications, or were at serious risk of suicide.
Study design
This was an exploratory, open-label, flexible-dose study carried out between November 2013 and October 2014 (http://www.clinicaltrials.gov; NCT02013622).
The study comprised a 2-21-day screening phase, a 2-4-week conversion phase in which brexpiprazole was cross-titrated with previous antipsychotic medication, a 12-14-week, flexible-dose, open-label brexpiprazole monotherapy phase (1, 2, 3, or 4 mg/day; 3 mg/day target dose), and a 30-day (+ 2 day) follow-up phase (Fig. 1) . Although brexpiprazole 3 mg/day was the target dose, study investigators used informed judgment to decrease dosage (brexpiprazole 1 or 2 mg/day) for enhanced tolerability or to increase dosage (brexpiprazole 4 mg/day) for enhanced efficacy.
The final study protocol and informed consent forms were approved by the relevant institutional review board or independent ethics committee for each participating study center. The study was carried out in compliance with the Declaration of Helsinki, the International Conference on Harmonisation Good Clinical Practice Guideline, and applicable local laws and regulatory requirements. All patients provided written informed consent before study initiation.
Efficacy and safety assessments
The efficacy outcomes included changes from baseline to week 16 in PANSS total score (Kay et al., 1999) , PANSS modified prosocial subscale scores (Purnine et al., 2000) , Clinical Global Impressions -Severity of illness (CGI-S) score, Specific Levels of Functioning Scale (SLOF) (Schneider and Struening, 1983) , Personal and Social Performance scale (PSP) (Morosini et al., 2000) , Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989) , and Treatment Satisfaction Questionnaire for Medication 14 items (TSQM-14) (Atkinson et al., 2004) . CGI -Improvement (CGI-I) score at week 16 (Guy, 1976) was also assessed, as was the response rate [defined by CGI-I score of 1 (very much improved) or 2 (much improved)].
Safety assessments included AEs; physical examinations; vital signs; body weight; clinical laboratory tests; ECGs; Simpson Angus Scale (SAS) (Simpson and Angus, 1970) ; Abnormal Involuntary Movement Scale (AIMS) (Guy, 1976) ; Barnes Akathisia Rating Scale (BARS) (Barnes, 1989) ; and Columbia-Suicide Severity Rating Scale (C-SSRS) (Posner et al., 2011) . AEs were coded by system organ class and preferred term using the Medical Dictionary for Regulatory Activities.
Statistical analysis
Analysis sets included safety analysis set (all patients who took at least one dose of study medication) and full analysis set (all treated patients who took at least one dose of study medication and who underwent a baseline assessment and at least one post-baseline efficacy assessment). Baseline measurement was defined as the last available measurement before the start of study medication, provided that the measurement took place at screening or day 0 visit. A mixed-model repeated-measures (MMRM) analysis was used to investigate change in efficacy from baseline, with a statistical significance level of 0.05 (two sided). For the primary analysis, the model included fixed-class effect terms for visit, baseline PANSS total score, and baseline-by-visit interaction; imputation of missing data using MMRM was based on the observed cases dataset.
The MMRM model was also used to evaluate change from baseline to week 16 for the PANSS modified prosocial subscale scores, CGI-S score, PSP total score, SLOF total and subdomain scores, PSQI total score, and TSQM-14 total score. Last observation carried forward analyses were also carried out. Additional efficacy and safety variables were reported descriptively.
Results
Patient disposition and demographic characteristics
All 49 patients received at least one dose of study medication, had undergone baseline and at least one postbaseline efficacy assessments, and were included in the full analysis set. Overall, 25 (51.0%) patients completed the study (Table 1 ). The most common reason for discontinuation was loss to follow-up (20.4%, 10/49 patients), which represented more than 40% (10/24) of all discontinuations. Three patients (6.1%) were withdrawn because of AEs: one each because of psychotic disorder, insomnia/akathisia, and somnolence (Table 1) .
Patient demographics and baseline clinical characteristics are shown in Table 2 . The study population was relatively young, with a mean (SD) age of 26.1 (5.0) years, mainly men (31/49, 63.3%), and predominantly Black or African-American (32/49, 65.3%) ( Table 2 ). All patients had previously received antipsychotic treatment and 42 (85.7%) patients had received any antipsychotic therapy in the 30 days before starting brexpiprazole (Table 2) .
Analysis of efficacy Primary variable
Improvements in PANSS total score from baseline to week 16 were observed with brexpiprazole (Fig. 2) ; the least-squares (LS) mean improvement (SE) observed at week 16 was − 10.2 (2.1) (P < 0.0001 vs. baseline) (Fig. 2) . Improvements in PANSS total score were observed as early as week 1 (P = 0.0003) and continued throughout the entire treatment period.
Other variables
Improvements in PANSS total score were reflected in improvements in CGI-S (Table 3 ) and reductions in CGI-I scores compared with baseline. Improvements in CGI-S scores over baseline were observed as early as week 1 (P = 0.0066) and were maintained at week 16 (P < 0.0001; Table 3 ). The mean CGI-I scores supported the observed changes in PANSS and CGI-S scores, and the mean CGI-I (SD) score at week 16 was 2.8 (1.3). Increases in the proportion of patients who were responders [CGI-I score of 1 (very much improved) or 2 (much improved)] were noted. By weeks 2, 4, and 16, 25.0, 39.6, and 41.7% of patients, respectively, were classified as responders (Fig. 3) .
Improvements from baseline were observed at week 16 in measures of patient function (SLOF and PSP scores) that included social function (Table 3) . Improvements All patients who take at least one dose of study medication and who underwent a baseline assessment and at least one post-baseline efficacy assessment were included in the full analysis set for efficacy analyses. All patients who take at least one dose of study medication were included in the safety analysis set for safety analyses. Mean change from baseline in PANSS total score during the brexpiprazole treatment period. Efficacy population, MMRM analysis; n = 49. PANSS total mean score at baseline: 70.6. *P = 0.0003; **P < 0.0001. P-values are relative to baseline (week 0). LS, least squares; MMRM, mixed-model repeated-measures; PANSS, Positive and Negative Syndrome Scale.
were also supported by results on the PANSS modified prosocial subscale score, for which the LS mean improvement observed at week 16 was − 2.0 (P < 0.0001 vs. baseline) ( Table 3 ). In addition, improvements were observed in sleep quality on the basis of change in PSQI score (P = 0.0177 vs. baseline) ( Table 3) .
Patient satisfaction with treatment, on the basis of TSQM-14 scores, showed improvements throughout the treatment period, with effectiveness, side effects, convenience, and global factors all showing improvement at week 16 (Table 4) .
Safety and tolerability
A total of 25 patients were exposed to brexpiprazole for between 105 and 111 days, with a mean daily dose of 3.4 mg (range 2.0-4.0 mg). Approximately 70% of patients completed cross-titration in 2 weeks, with the remaining patients completing cross-titration within the 4-week period. Brexpiprazole was well tolerated; 3/49 (6.1%) patients discontinued because of AEs (psychotic disorder, insomnia/akathisia, and somnolence, each in one patient) and no patient experienced a serious AE (Table 5 ). Treatment-emergent AEs (TEAEs) were all mild or moderate in severity; the most common AEs were insomnia, somnolence, sedation, weight increase, and nausea (Table 5) .
Clinical laboratory, body weight, and other safety parameters
The mean (SD) weight increase from baseline at week 16 was 2.24 (2.71) kg (n = 25) and 1.50 (3.03) kg at last visit (n = 39). Weight increase was reported as an AE by three patients (6.1%); however, no patient experienced clinically relevant weight gain (≥7% increase from baseline of body weight). One patient experienced clinically relevant weight loss (≥7% decrease from the baseline body weight) at week 8 and at last visit. No clinically relevant mean changes in metabolic parameters were observed from baseline to week 16, although some potentially clinically relevant laboratory values, for individual patients, were reported.
Overall, there were no clinically relevant changes in physical examinations, vital signs (excluding ≥ 7% decrease in body weight and one incidence of orthostatic hypotension), clinical laboratory tests, or ECGs.
The mean changes from baseline at week 16 for all ECG parameters were minimal and none were considered to be clinically relevant; no patients experienced a new- percentage of patients fulfilling criteria for CGI-I response defined as a CGI-I score of 1 (very much improved) or 2 (much improved). CGI-I, Clinical Global ImpressionsImprovement; LOCF, last observation carried forward. onset QT more than 450 ms, five patients experienced an increase of 30-60 ms in the QTcB interval, and two patients experienced an increase of 30-60 ms in the QTcF interval.
A total of four patients (8.2%) experienced EPS-related AEs during the study, one each of dystonia (2.0%) and tremor (2.0%), and two of akathisia (4.1%). LS mean ( No suicidal behavior was reported on the C-SSRS. At week 16, a total of five patients (10.2%) had experienced at least one occurrence of suicidal ideation on the C-SSRS compared with one patient at baseline. All occurrences were identified as a 'wish to be dead' and none of these events were reported as TEAEs. Of the four patients who had emergence of suicide ideation during the study, none were considered to be serious.
Discussion
A number of antipsychotic treatments have been evaluated in the treatment of early episodes of schizophrenia and appear to reduce schizophrenia symptoms in this patient population (Kahn et al., 2008; Docherty et al., 2010) . Aripiprazole seems to be better tolerated than quetiapine (Melnik et al., 2010; Belgamwar and El-Sayeh, 2011; Citrome, 2013) and may help to improve functioning in patients with schizophrenia and achieve better control of positive symptoms compared with other antipsychotics (Docherty et al., 2010; Crespo-Facorro et al., 2013) . Importantly, use of low-dose atypical antipsychotics in cases of first-episode psychosis in the context of a comprehensive early intervention service has been shown to achieve very high rates of symptom resolution, particularly positive symptoms (Malla et al., 2006 (Malla et al., , 2016 .
In this open-label trial of patients with relatively stable schizophrenia in its early stage (mean baseline PANSS total score, 70.6) who were responsive to outpatient antipsychotic treatment in the last 12 months, symptoms of schizophrenia improved over the entire treatment period in patients treated with brexpiprazole, as shown by reductions in PANSS total score across the 16-week study (LS mean reduction at week 16: − 10.2 points). Considerable improvements were also indicated in CGI-I scores (CGI-I results presented here were indicative of additional response to brexpiprazole over previous antipsychotic) and corresponding response rates, whereas the withdrawal rate for lack of efficacy was 2.0% (1/49). Our findings related to overall efficacy are broadly consistent with results of the short-term phase 3 trials, which showed that brexpiprazole is efficacious in adult patients with acute schizophrenia (Correll et al., 2015; Kane et al., 2015) .
Importantly, our results in early-episode schizophrenia patients also suggest an improvement in social engagement and functioning with brexpiprazole, as measured by PANSS modified prosocial subscale score, SLOF total and subdomain scores, and PSP score (Schneider and Struening, 1983; Morosini et al., 2000; Docherty et al., 2010) . The PANSS modified prosocial subscale evaluates social interaction, scoring patients according to active social avoidance, emotional withdrawal, passive/apathetic social withdrawal, and difficulty in abstract thinking. The magnitude of improvement observed with brexpiprazole on the modified prosocial subscale was similar to that reported for aripiprazole at week 18 in a post-hoc analysis of social functioning in patients with early episodes of schizophrenia (LS mean change from baseline -3.16) (Docherty et al., 2010) . The PSP scale assesses social functioning, and shows good reliability and validity in patients with acute and stabilized schizophrenia (Morosini et al., 2000; Patrick et al., 2006) . On the basis of these statistical considerations and clinical reasoning, the minimal clinically important difference for PSP has been reported previously to be 10 points (Patrick et al., 2006) . Although a difference of this magnitude was not reported in the present study, it is noteworthy that improvements were observed in PSP at week 16, despite the study cohort having a mean PSP score at baseline of 54.9, indicative of a relatively high level of personal and social functioning. In addition, SLOF represents another reliable and valid instrument for the assessment of social functioning, measuring practical aspects of everyday function within four domains: interpersonal relationships, social acceptability, activities, and work skills (Schneider and Struening, 1983; Mucci et al., 2014) . Improvements in all four domains were observed with brexpiprazole treatment. Again, the clinical relevance of the improvements in SLOF observed in the current study is currently unclear as a minimal clinically important difference in the SLOF score has not been determined. Although the improvement in social functioning was clearly observed, we are not able to test whether this was mediated by improvement in symptoms or independent of such change in symptoms.
On the basis of our results from a relatively brief study of 16 weeks, further controlled and longer-term studies are warranted to confirm the improvements observed in this open-label study, and to evaluate the clinical relevance of the improvements in social functioning observed in earlyepisode patients with schizophrenia treated with brexpiprazole. Improved social functioning is particularly important in early schizophrenia as more engaged patients are likely to take advantage of psychosocial and recovery-oriented interventions, with these interventions also being able to influence prevention of relapses (Malla et al., 2008; Horan et al., 2009 Horan et al., , 2011 . Given that deficits in social functioning are present in the early stages of schizophrenia (Grant et al., 2001) , the improvements in social functioning observed with brexpiprazole treatment may facilitate a greater degree of overall functional recovery in patients in this stage of the disease.
Consistent with the pivotal trials (Correll et al., 2015; Kane et al., 2015) , brexpiprazole was well tolerated in this study in patients with early-episode schizophrenia, with low numbers of TEAEs and discontinuations because of TEAEs. The most common AE was insomnia, which should be monitored in all patients with schizophrenia, especially in patients with early-episode schizophrenia. Loss to follow-up accounted for more than 40% of total study discontinuations, likely reflecting the propensity for patients to disengage with care systems, as opposed to a direct effect of the medication. Improvements from baseline in TSQM scores, including subscales of convenience, effectiveness, and side effects, were noted at week 16, suggesting that these patients, who had already experienced other antipsychotic treatment, were satisfied with brexpiprazole and did not find the process of switching therapy difficult. Although no method is universally accepted for switching from one antipsychotic to another, the cross-titration schedule used in this study appeared to work well, with ∼70% of patients completing within 2 weeks. Overall, the brexpiprazole target dosage of 3 mg/day was achieved, with a mean daily dose of 3.4 mg.
Results from the C-SSRS showed that five patients had at least one occurrence of suicide ideation, all of which were identified as a 'wish to be dead'. None of these events were reported as TEAEs. Of the four patients who had emergence of suicide ideation during the study, none were considered to be serious.
A moderate increase in body weight was observed in patients over 16 weeks of treatment. The magnitude of mean body weight change (2.24 kg) was marginally greater than that reported in previous phase 3 trials of brexpiprazole (1.23-1.89 kg), which could be because of differences in patient demographics or duration of studies. A greater proportion of patients in the present study were Black or African-American (65.3%), compared with patients receiving brexpiprazole during the phase 3 studies (23.2-23.9%), and the patient population was younger, with an entry criterion of up to 35 years [mean (SD) age, 26.1 (5.0) years]. It is not clear whether these demographic differences could have contributed to the greater mean weight changes and, given the relatively brief nature of this study, we cannot speculate as to whether weight gain would continue or is likely to reach a plateau.
We acknowledge the limitations associated with evaluating multiple outcome measures (which may not be independent) when using a small sample size. This may also restrict the applicability of the findings to a wider, more diverse population of patients with schizophrenia in this relatively early phase. However, the study was exploratory in nature and the promising results suggest that further investigation is warranted. Other limitations included the lack of a placebo or an active comparator to contextualize the improvements observed with brexpiprazole. Nevertheless, these patients, who had all been treated previously with antipsychotics and were enrolled because their physicians believed that they may benefit from therapy, showed improvement following the initiation of brexpiprazole.
In conclusion, the results of this exploratory study suggest that brexpiprazole may be efficacious in the treatment of patients with schizophrenia in its early phase. The findings extend those from the pivotal studies, in which patients within 3 years of first diagnosis were excluded, where the efficacy of brexpiprazole in the treatment of patients with acute schizophrenia was shown (Correll et al., 2015; Kane et al., 2015) . More specifically, the data suggest that brexpiprazole may improve functioning and treatment satisfaction in young, early-episode outpatients (18-35 years) with schizophrenia, potentially improving long-term outcomes. These results warrant further studies of the effectiveness of brexpiprazole in patients still in their early phase of schizophrenia who may benefit from a change in treatment as well as in patients who have had limited exposure to antipsychotic medications.
